Rapid Salmonella detection is needed to help prevent the distribution of contaminated food products. Using traditional culture methods, Salmonella detection can take up to 3-5 days. Using an improved protocol and a commercial real-time PCR system, we have shortened the detection time to less than 24 hr with comparable sensitivity and specificity to traditional Salmonella culture methods.
Introduction
Salmonella infection in livestock can be transmitted to humans via associated products such as ground beef (Schneider et al. 2011 ) which may result in sporadic outbreaks of salmonellosis (Zansky et al. 2002) . While generally a self-limiting illness, some cases require hospitalization or may even result in death (CDC 2011) with costs to society in the billions of dollars (Frenzen et al. 1999 ). Outbreaks of Salmonella infection also result in product recalls adding directly to industry costs. In beef processing facilities there has been great strides made to reduce both hide contamination (Serraino et al. 2012; Gill 2009; Carlson et al. 2008 ) and carcass contamination (Rekow et al. 2011 ) using post harvest interventions. Recently, there has been concern regarding Salmonella contained in bovine lymph nodes at the time of slaughter which can end up in ground beef. Initial studies indicate that Salmonella contaminated lymph nodes occur at a prevalence of 0.35% to 3.86% (Brichta-Harhay et al. 2012; Arthur et al. 2008 ). To date no pre-or post-harvest solution has been effective in dealing with Salmonella contained in non-mesenteric lymph nodes.
Traditional bacteriology methods for detecting Salmonella can be time consuming, requiring 3-5 days to complete and thus not suited to testing highly perishable goods. (Fricker 1987) . Realtime PCR has been used successfully to detect Salmonella (Eyigor et al. 2002; Mainali et al. 2011; Suo et al. 2010 ) and is a relatively quick, robust method with many systems to choose from. We chose a commercially available platform (Pall GeneDisc, Pall Corp., Port Washington, NY USA) as it allows high-throughput at 480 results every hour from 96 samples (Pall n.d.) and is validated to meet Title 21 CFR 11 for electronic documentation (Pall n.d.) . This system is based on real-time PCR amplification and detection, using proprietary master mixes that contain specific primer-probe combinations.
In this report, we used a commercial real-time PCR system as a starting point and designed a shortened protocol that allowed us to reliably detect the presence of Salmonella from cattle lymph nodes in less than 24hrs. This short turnaround time to detect Salmonella as compared to traditional culture methods may allow increased testing of highly perishable goods, thereby helping food production facilities quickly detect contaminated goods.
Materials and Methods Reagents
The Pall GeneDisc system was used for all experiments with either shiga toxin producing Escherichia coli (STEC) and Salmonella 12 sample or 6 sample disks. Molecular grade water was from Cellgrow (Corning, NY USA). Tetrathionate broth (Tet) and Rappaport-Vassiliadis (RV) broth were from Difco (Becton-Dickinson Sparks, MD USA). XLD agar, for isolation and differentiation of enteric pathogens, was from Oxoid (ThermoScientific, Basingstoke, Hampshire, England).
Ethics Statement
All experimental procedures performed in this study were in compliance with and approved by the United States Department of Agriculture, Agricultural Research Services, Food and Feed Safety Unit Animal Care and Use Committee. Animals were euthanized using Euthasol®, euthanasia solution (Delmarva Laboratories, Inc., Midlothian VA) and all efforts were made to minimize suffering.
Traditional bacterial culture
Previously challenged cattle, with either S. typhimurium, S. montevideo, S. newport and S. enteritidis, had the following lymph nodes removed; popliteal, prefemoral, prescapular and mandibular. Lymph nodes were trimmed of excess fat, dipped in boiling water for 3 sec and placed in a whirl-pak filter bag containing 20 ml Tet. The lymph node was then pulverized with a rubber mallet and placed in a stomacher for 60 sec after which 1 ml was reserved for spiral plating (Autoplate 4000, Spiral Biotech, Advanced Instruments Inc. Norwood, MA USA) on XLD agar and 1 ml was removed and DNA prepared per the DNA preparation protocol, then an additional 80 ml Tet was added. Both the Tet broth and XLD agar were incubated for 12 to 16 hrs at 37°C. After the incubation, from the Tet broth; 1 ml was removed and DNA prepared per the DNA preparation protocol and 100 µl was removed and added to 5 ml RV. The inoculated RV was then incubated 12-16 hrs at 42°C. After incubation the enriched RV was then streaked on XLD agar and incubated overnight at 37°C.
DNA preparation
The 1 ml of reserved Tet enriched and un-enriched or RV enriched culture was placed in a 15 ml conical tube. This was centrifuged for 5 min at 500 x g to pellet the tissue debris and 500 µl of the centrifuged supernatant was transferred to a microcentrifuge tube. This was centrifuged for 5 min at 11,000 x g. The supernatant was removed and 200 µl of molecular grade water added. This was then boiled in a water bath for 10 min.
DNA detection
In a microcentrifuge tube 20 µl of Pall GeneDisc supplied master mix, 18 µl molecular grade water and 2 µl sample DNA combined for a total of 40 µl. This was vortexed briefly to mix and then centrifuged briefly to collect liquid at the bottom of the tube. 36 µl of this mix was used for each sample sector on a 12 sample GeneDisc. The rest of the protocol is as directed by the Pall GeneDisc machine in regards to applying vacuum and mineral oil. 
Results
The ability to detect Salmonella contamination in food products has always been a concern. The ability to do it quickly and accurately has been of paramount importance. Our objective was to determine if the commercial real-time PCR system could detect Salmonella contamination of peripheral lymph nodes faster than traditional Salmonella culture methods.
In the first experiment we wanted to determine the sensitivity of the commercial PCR system. From an overnight tryptic soy broth culture of S. typhimurium 10 fold dilutions were made and either spiral plated on XLD agar for enumeration or DNA prepared. The fewest number of S. typhimurium that were detected by the commercial real-time PCR system was 1.95 ± 1.77 S.D. (n = 3) per ml. Next, we examined the components of the traditional Salmonella culture, Tet or RV selective enrichment broths for inhibition of Salmonella detection and determined if certain serovars of Salmonella are able to be detected by the commercial real-time PCR system. To do this, we spiked 1ml Tet and RV broth with 1 µl of an overnight tryptic soy broth culture of common Salmonella serovars (S. typhimurium, S. montevideo, S. newport and S. enteritidis) previously cultured from cattle and then used our protocol to prepare the samples. All of the spiked samples were positive for Salmonella by the commercial PCR system.
In the second experiment, 54 non-mesenteric lymph nodes were collected from cattle at necropsy and analyzed in tandem with traditional Salmonella culture methods and with the commercial real-time PCR system. Samples were tested by the commercial real-time PCR system after Tet-RV enrichment. Of the 54 lymph nodes tested, 15 were confirmed positive for Salmonella after the traditional Tet-RV enrichment. Those same 15 were also positive for Salmonella by the commercial real-time PCR system after the first Tet enrichment and after the full Tet-RV enrichment.
Since we were able to detect Salmonella after the first Tet enrichment we wanted to determine if this enrichment step was necessary, further decreasing the detection time. In a third experiment another 26 non-mesenteric lymph nodes were collected and again analyzed in tandem with traditional Salmonella culture methods and with the commercial real-time PCR system before and after the Tet enrichment. Of the 26 lymph nodes, 8 were positive for Salmonella before and an additional 8 were positive after the Tet enrichment, by the commercial real-time PCR system. The same lymph nodes positive by the commercial real-time PCR system were also positive for Salmonella after traditional Tet-RV enrichment. (Table 2) to compare a gold standard test (tradition bacterial culture) to a new test assay (commercial real-time PCR system) is used and applied to experiment 2 and 3 (Tet enriched starting points), the PPV = 100%, NPV = 0% and sensitivity is 100%, meaning the real-time PCR system correctly identified Salmonella in 100% of the lymph nodes that were positive by tradition bacterial culture. Applying PPV to experiment 3 (no Tet enrichment), the PPV = 100%, NPV = 55.6% and the sensitivity is 50%, meaning the real-time PCR system was only 50% correct in identifying Salmonella in the lymph nodes that were positive by tradition bacterial culture. The Kappa statistic and sensitivity results would indicate that for the correct detection of Salmonella an initial Tet enrichment is necessary. Even with the Tet enrichment step, the detection of Salmonella in the lymph nodes was possible within 24 hr. The ability of this system to reliably determine the presence or absence of Salmonella, a full 72 hrs faster than traditional culture methods, may allow for food production facilities to sample perishable products more frequently and reduce the incidence of distributing contaminated foods.
